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mentarity	 of	 these	 sampling	 methods	 to	 describe	 species	 composition.	 Then,	 we	
	investigated	differences	in	taxonomic	(TD),	phylogenetic	(PD)	and	functional	diversity	

















underlying	 ecosystems	 services	 is	 a	 central	 topic	 in	 current	 conser-
vation	 (Cardinale	 et	al.,	 2012;	Chapin	 et	al.,	 2000;	Naeem,	Duffy,	&	
Zavaleta,	2012).	Contemporary	marine	management	approaches	aim-
ing	at	protecting	ecological	 functions	of	natural	communities,	 rather	






In	 the	past	 decades,	most	 studies	 focusing	on	biodiversity	 have	
used	conventional	diversity	metrics,	which	are	based	on	the	number	
of	taxonomically	distinct	entities	and	their	abundances	(i.e.,	taxonomic	
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diversity,	hereinafter	TD)	(Gaston,	2000;	Worm	et	al.,	2006).	However,	
ecosystem	 functions	 are	mediated	 by	 the	 functional	 characteristics	
(i.e.,	 ecological	 traits)	 of	 organisms	 rather	 than	 by	 their	 taxonomic	
identity	(Cadotte,	2011);	hence,	not	all	the	species	contribute	equally	






from	 their	 functional	 attributes	 (e.g.,	 morphological,	 physiological,	
	reproductive,	or	behavioral)	(Petchey	&	Gaston,	2002).
The	 growing	 need	 to	 describe	 changes	 in	 biodiversity	 through	
space	and	time	requires	the	implementation	of	monitoring	programs	
at	local	and	regional	scales.	Understanding	how	different	survey	meth-





traps	 (hereinafter	 FT).	 Each	method	 has	 advantages	 and	 limitations	
that	have	been	thoroughly	explored	(Edgar,	Barrett,	&	Morton,	2004;	
Mallet	&	Pelletier,	2014;	Thompson	&	Mapstone,	1997).	Although	ex-
trinsic	sources	of	error	beyond	the	method	 itself	 (e.g.,	 interobserver	








2012;	 Stobart	 et	al.,	 2007).	 In	 turn,	 different	 sampling	methods	 can	
yield	different	estimates	of	population	mean	and	variance	(Andrew	&	
Mapstone,	1987),	varying	the	statistical	power	to	detect	a	change	in	
whatever	variable	of	 interest	 (Winer,	1991).	This	might	have	 severe	
consequences	 in	 environmental	 management,	 as	 we	 increase	 the	
probability	of	committing	a	type	II	error	(i.e.,	the	probability	of	retain-
ing	the	null	hypothesis,	when	it	is	false),	and	might	result	in	misleading	
conclusions.	 Ideally,	 a	 sampling	 technique	 that	 maximizes	 accuracy	
and	precision	with	a	minimum	cost	should	maximize	the	efficiency	and	
reliability	of	monitoring	programs	(Underwood,	1981).
























methods,	 and	 (2)	 differences	 in	 taxonomic,	 phylogenetic,	 and	 func-










is	 crucial	 to	 develop	 monitoring	 programs	 taking	 advantage	 of	 the	
	resources	and	time	available.
2  | MATERIALS AND METHODS
2.1 | Study area
This	study	was	carried	out	at	two	different	ecoregions	(i.e.,	areas	of	






ern	Portugal;	 Taliarte	 (0.030	km2;	 27°59′25.74″N,	 15°22′05.37″W)	
and	 Puerto	 Rico	 (0.014	km2;	 27°59′25.74″N,	 15°22′05.37″W)	 in	
Gran	 Canaria	 Island	 (Figure	1a).	 At	 each	marina	 from	Gran	 Canaria	
Island,	we	sampled	at	two	sides,	corresponding	to	the	“inner”	(inside)	
and	the	“outer”	(“open	ocean”)	sides	of	each	marina	(Figure	1b,c).	At	





sector	 of	 the	marinas	 in	 Albufeira	 and	 Portimão	was	 selected	 (see	
	details	 in	 Figure	1d,e).	 Despite	 the	 specific	 spatial	 configuration	 of	
each	marina,	 all	 of	 them	 are	 composed	 of	 floating	 pontoons,	 small	
boulders,	sand	and/or	mud	banks	in	the	“inner”	parts,	and	big	concrete	
blocks	interspersed	with	sandy	patches	in	the	“outer”	parts.	Although	
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tens	of	m	separate	“inner”	and	“outer”	sides,	there	exist	clear	artificial	
boundaries.
2.2 | Data collection and analyses
Fish	 assemblages	 were	 evaluated,	 during	 summer	 of	 2015	 in	 Gran	
Canaria	Island,	and	in	winter	of	2016	in	the	Algarve	coast,	using	three	
complementary	 sampling	 techniques:	UVC,	FT,	 and	BC.	All	 samples	
were	taken	at	a	depth	range	between	3	and	5	m	and	during	daylight	
hours	(i.e.,	11:00	and	18:00	hours	at	Gran	Canaria	Island,	10:00	and	
17:00	hours	 at	 southern	 Portugal).	 At	 the	 “inner”	 sides,	 all	 samples	












At	each	 sampling	 side	within	each	marina,	n	=	6,	10	m	 length	×	4	m	
wide	 (40	m2),	 transects,	 separated	 by	 at	 least	 10	m,	were	 deployed	
by	the	same	SCUBA	diver.	Along	each	transect,	the	diver	annotated	
the	 abundances	 of	 each	 fish	 species,	 on	waterproof	 paper,	 accord-
ing	 to	 standard	 procedures	 for	 the	 study	 region	 and	 elsewhere	
(Tuya,	 Boyra,	 Sanchez-	Jerez,	 &	 Haroun,	 2005;	 Tuya,	 Wernberg,	 &	
Thomsen,	2011).	Individual	fish	counts	were	done	up	to	20	individu-




























colias)	 in	Gran	Canaria	 Island,	 and	 a	mix	 of	Atlantic	 chub	mackerel,	
mussels	(Mytilus edulis)	and	sardine	oil	(Sardina pilchardus)	in	southern	
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Portugal,	where	 visibility	 conditions	were	 greatly	 reduced	 from	 the	


















ity	 between	 each	 pair	 of	 techniques	 at	 each	 region.	Differences	 in	






ability	of	a	 type	 I	error	occurring	 (Underwood,	1997).	Alternatively,	
we	conducted	a	PCO	to	explore	how	much	of	the	variation	in	com-
munity	 composition	 could	 be	 attributed	 to	 “Method”	 versus	 “Side”	
(these	 analyses	 can	be	 found	 in	https://www.researchgate.net/pro-
file/Nestor_Bosch).	 Finally,	 we	 computed	 the	mean	 overall	 relative	
abundance	 (i.e.,	 data	 pooled	 across	 sides	 and	marinas)	 of	 each	 fish	
species	provided	by	each	sampling	technique	at	each	ecoregion.	We	
then	 investigated	 the	 relationships	 in	mean	 overall	 species	 relative	
abundances	between	pairs	of	sampling	methods	(i.e.,	paired	for	all	the	
species)	using	Pearson’s	correlation	coefficients.	ANOVAs,	Pearson’s	






distinctness	 index,	Δ*;	 Clarke	 &	Warwick	 2001),	 and	 (3)	 functional	
TABLE  1 Functional	traits	for	each	fish	species,	adapted	from	Micheli	and	Halpern	(2005)	and	Stuart-	Smith	et	al.	(2013)
Functional trait Category Type Units
Maximum	length Body	size Numerical Total	length	(cm)
Trophic	breadth Trophic	niche Numerical Number	of	prey	phyla	consumed	(from	diet	studies).	Range	
from	1	to	8
Trophic	group Trophic	niche Categorical Planktivorous,	Omnivorous,	Herbivorous,	Micro-	invertebrate	
feeders,	Macroinvertebrate	feeders,	Macroinvertebrate	
feeders	and	piscivorous
Water	column	position Behavior Categorical Benthic,	bentho-	pelagic,	and	pelagic
Preferred	substrate Habitat	use Categorical Hard	bottoms	and	soft	bottom
Trophic	level Trophic	niche Numerical Index,	range	from	1	to	5
Body	shape Body	shape Categorical Fusiform,	compressed,	depressed,	globiform,	and	elongated
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diversity	 (FD;	 Rao	 index	 of	 diversity,	 adapted	 for	 functional	 diver-



























for	 each	 sample	 across	 all	 traits	 together.	 Seven	 functional	 traits	
were	considered:	trophic	niche	and	breadth,	maximum	body	length	
and	shape,	behavior,	habitat	associations,	and	 life	history	charac-
teristics	 (Table	1).	Maximum	 length,	 trophic	 breadth,	 and	 trophic	
level	 were	 included	 as	 continuous	 traits	 and	 scaled	 between	 0	
(minimum)	and	1	(maximum),	while	the	rest	of	the	traits	were	cate-
gorical.	Trophic	groups	were	established	according	to	Tuya,	Boyra,	
Sanchez-	Jerez,	 Barbera,	 and	Haroun	 (2004).	Most	 values	 and	 at-
tributes	were	 compiled	 from	 Fishbase	 (www.fishbase.org;	 Froese	
&	 Pauly,	 2002),	 but	 also	 from	 existing	 literature.	When	 informa-




Warwick,	 2001),	while	 the	 Rao	 index	 of	 functional	 diversity	was	










At	 each	 region,	 we	 estimated	 the	 costs	 (per	 sample)	 by	 UVC,	 BC,	
and	FT.	The	costs	were	expressed	in	staff	time,	as	this	simplifies	the	






survey.	 As	 these	were	 comparable	 between	methods,	we	 excluded	
this	information	from	the	analysis.
The	adequacy	of	the	sampling	effort	by	the	three	sampling	tech-
niques	 to	assess	 fish	assemblages	at	each	 side	 (i.e.,	data	pooled	 for	
marinas)	 within	 each	 region	 was	 firstly	 assessed	 through	 species	















Chao,	 &	 Lin,	 2003).	 The	 number	 of	 additional	 samples	 required	 to	
achieve	a	certain	proportion	of	the	Chao	2	asymptotic	richness	(mg)	is	





























mean	 and	 variances	 estimates	 of	 the	 three	 biodiversity	 indexes	 for	
each	region	 (pooled	for	sides	and	marinas).	A	one-	way	ANOVA	with	
two	levels,	“inner”	versus	“outer,”	was	used	to	calculate	noncentral	F 






Overall,	we	 observed	 40	 fish	 species	 at	Gran	Canaria	 Island,	 23	 of	
commercial	 relevance	 (González	 et	al.,	 2012);	 in	 southern	 Portugal,	
we	 registered	 22	 species,	 10	 commercially	 relevant	 (Borges	 et	al.,	
2001).	At	both	regions,	UVCs	and	BC	recorded	a	comparable	number	
of	species	(32	vs.	30	at	Gran	Canaria	Island;	15	at	southern	Portugal,	
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respectively)	 and	 families	 (18	vs.	15	at	Gran	Canaria	 Island;	9	vs.	6	









atricauda),	 and	 the	dusky	grouper	 (Ephinephelus marginatus),	 at	Gran	
Canaria	 Island	 (Appendix	 S3);	 the	 European	 conger	 (Conger conger),	
the	European	sea	bass	(Dicentrarchus labrax),	and	the	Mediterranean	




icornis),	 the	blenny	 (Parablennius	 sp.1),	 the	black	goby	 (Gobius niger),	
the	rock	goby	(Gobius paganellus),	and	the	goby	(Gobius xantocephalus),	
at	Gran	Canaria	Island	(Appendix	S3);	the	red-	mouthed	goby	(Gobius 
cruentatus),	G. niger,	G. paganellus,	Gobius	 sp.1,	G. xantocephalus,	 the	
tompot	 blenny	 (Parablennius gattorugine),	P. pilicornis,	 and	 the	 black-	
faced	blenny	(Tripterygion delaisi),	at	southern	Portugal	(Appendix	S4).
At	 both	 regions,	 similarities	 in	 fish	 assemblage	 composition	var-
ied	between	sampling	methods	(Figure	3a,b;	“Method”:	F2,717 =	42.76,	
p < .001,	 at	 Gran	 Canaria	 Island;	 “Method”:	 F2,645	=	17.66,	 p < .001,	
at	southern	Portugal).	Pairwise	tests	showed	a	larger	similarity	in	the	
composition	of	 fish	 faunas	between	UVC	and	BC	 relative	 to	BC-	FT	
(t430	=	7.91,	 p < .001,	 at	 Gran	 Canaria	 Island;	 t430	=	4.47,	 p < .001,	
at	 southern	 Portugal)	 and	 FT-	UVC	 (t430	=	8.84,	 p < .001,	 at	 Gran	
Canaria	 Island;	 t430	=	5.62,	p < .001,	 at	 southern	 Portugal).	 In	 terms	
of	 fish	 abundances	 recorded	 by	 each	 sampling	 method,	 significant	
Pearson’s	 correlations	were	 found	between	all	 sampling	methods	at	
Gran	Canaria	 Island.	The	highest	correlation	was	found	between	BC	
and	UVC	(r = .90,	p < .001),	followed	by	BC	and	FT	(r = .85,	p < .001),	
and	FT	and	UVC	(r = .61,	p = .04).	However,	at	southern	Portugal,	no	
significant	 correlations	were	 found	 between	 the	 sampling	 methods	




rics	 (Figures	4	 and	 5).	 Overall,	 at	 Gran	 Canaria	 Island,	 consistently	
significant	 differences	 in	 TD	 between	 the	 “inner”	 and	 “outer”	 sides	
were	found	in	BC	data	set	 (Figure	4b,	“Side,”	p < .05,	Table	2);	how-
ever,	for	UVC	and	FT,	these	differences	varied	from	marina	to	marina	
(Figure	4a,c,	 “Marina	×	Side,”	p < .05,	 Table	2).	 Similarly,	 in	 southern	
Portugal,	 differences	 in	 TD	 between	 sides	 varied	 from	 marina	 to	





and	FT	 (Figure	4a–c,	p < .05,	Table	2).	 Interestingly,	overall,	PD	was	
consistently	higher	in	the	“outer”	sides	at	Gran	Canaria	Island	for	all	
sampling	 methods	 (Figure	4d,f,g,	 “Side,”	 p < .05,	 Table	2),	 although	






































































launch	 and	 retrieval	 for	 each	 of	 6	 traps	 (Table	4).	 At	 Gran	 Canaria	



























estimated	 number	 of	 species	 (Sobs)	was	 higher	 using	UVC	 than	 BC,	
	although	 these	 differences	 were	 not	 statistically	 significant,	 except	
for	 the	 case	 of	 the	 “inner”	 sides	 at	 southern	 Portugal	 (Figure	5c).	










p = .81 (n.s.)
No transformation 
p = .12 (n.s.)
No transformation 
p = .10 (n.s.)
No transformation 
p = .26 (n.s.)
No  
transformation 
p = .09 (n.s.)
No transformation 
p = .24 (n.s.)
No transformation 
p = .17 (n.s.)
No transformation 
p = .052 (n.s.)
No transformation 
p = .056 (n.s.)
Source df MS F p MS F p MS F p MS F p MS F p MS F p df MS F p MS F p MS F p
Ma 1 0.54 5.8 .025 2.1 0.2 .6 1e−3 0.27 .6 0.6 5.4 .03 0.16 4.3 .04 4e−3 2.2 .14 1 0.7 5.7 .06 21 3.6 .06 0.2 6.07 .02
Si 1 0.22 2.3 .13 215 26 <.001 6e−4 0.01 .8 0.5 4.34 .05 1.59 42 <.001 0.03 15 7e−4 1 0.8 5.9 .01 70 11 .001 0.2 6.65 .01
Ma	×	Si 1 1.60 17 4e−4 5.1 0.6 .4 5e−3 1.56 .2 0.02 0.20 .6 0.03 1.0 .27 3e3 1.5 .23 1 3.0 22 <.001 94 15 <.001 0.7 17.9 <.001
Residual 20 0.09 8.1 3e−3 0.12 0.03 0.001 44 0.1 5.9 4e−3
Pairwise	
tests
PR TA PR TA PR TA PR TA
t p t p t p t p t p t p t p t p
I	versus	O 1.8 .08 4 <.001 1 .1 5 <.001 0.3 .7 5 <.001 1.1 .24 4.8 <.001
Pairwise	tests	are	also	included.	PR	=	Puerto	Rico;	TA	=	Taliarte.	I	=	“inner”;	O	=		“outer.”	Significant	values	are	highlighted	in	bold.	Significance	level	 
(α)	=	.05;	when	homogeneity	of	variance	was	still	violated	despite	transformation	α = .01.
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2	 asymptotic	 richness	 (Table	5).	 However,	 as	 sampling	 units	 are	 in-














changes	 at	 comparable	 levels	 of	 replication	 for	 the	 biodiversity	 in-
dexes,	 except	 for	 the	 taxonomic	 distinctness	 index	 at	Gran	Canaria	
Island,	where	the	power	was	greater	for	UVC	(Figure	7).	However,	in	
this	 case	 the	power	was	very	 low,	even	at	high	 levels	of	 replication	
for	both	regions.	UVC	and	BC	had	consistently	(i.e.,	across	biodiver-






Wienner	 index,	 and	 finally	 the	 taxonomic	 distinctness	 index,	which	
was	the	most	sensitive	metric.	After	standardization	by	sampling	ef-
fort,	UVC	was	found	to	be	the	most	cost-	efficient	technique,	as	it	con-








The	 ability	 of	 different	 survey	methods	 to	 complement	 each	 other	
and	provide	accurate,	rapid,	and	cost-	effective	data	is	essential	(Baker	
et	al.,	2016;	Langlois	et	al.,	2010).	 In	our	work,	we	found	that	UVCs	
and	BCs	 recorded	 a	 comparable	 number	of	 species,	 as	 observed	 in	
the	Venn	diagrams,	species	accumulation	curves,	and	measures	of	as-
ymptotic	richness,	while	FT	registered	a	considerably	lower	number.	
Some	studies	have	 reported	 that	UVC	accounted	 for	a	wider	 range	
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Si 1 0.22 2.3 .13 215 26 <.001 6e−4 0.01 .8 0.5 4.34 .05 1.59 42 <.001 0.03 15 7e−4 1 0.8 5.9 .01 70 11 .001 0.2 6.65 .01
Ma	×	Si 1 1.60 17 4e−4 5.1 0.6 .4 5e−3 1.56 .2 0.02 0.20 .6 0.03 1.0 .27 3e3 1.5 .23 1 3.0 22 <.001 94 15 <.001 0.7 17.9 <.001
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Pairwise	
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t p t p t p t p t p t p t p t p
I	versus	O 1.8 .08 4 <.001 1 .1 5 <.001 0.3 .7 5 <.001 1.1 .24 4.8 <.001
Pairwise	tests	are	also	included.	PR	=	Puerto	Rico;	TA	=	Taliarte.	I	=	“inner”;	O	=		“outer.”	Significant	values	are	highlighted	in	bold.	Significance	level	 
(α)	=	.05;	when	homogeneity	of	variance	was	still	violated	despite	transformation	α = .01.
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southern	Portugal,	probably	as	a	result	of	adverse	environmental	con-
ditions	during	winter,	namely	high	turbidity	and	high	hydrodynamics,	








estimates	 has	 received	 little	 attention	 and	 represents	 an	 important	
topic	in	diversity	research,	particularly	in	the	marine	realm	(Robinson	
et	al.,	2014).	Overall,	we	found	distinct	patterns	of	TD,	PD,	and	FD	
between	 sides	 of	 the	 marinas,	 at	 both	 regions,	 depending	 on	 the	
sampling	method	to	survey	fish	faunas.	Patterns	of	fish	biodiversity	
were	more	 similar	between	UVC	and	BC	 than	between	BC	and	FT	
and	UVC	 and	 FT;	 this	 is	 consistent	with	 similarities	 in	 fish	 compo-
sition	 between	 techniques,	 as	 previously	 discussed.	 UVC	 and	 BC	
yielded	 greater	values	 of	TD,	 PD,	 and	 FD	 than	 FT	 at	 both	 regions.	
Differences	 in	fish	biodiversity	patterns	between	sampling	methods	






2005),	while	 BCs	 have	 proved	 to	 be	 an	 effective	method	 for	 sam-
pling	large	mobile	predatory	species	that	usually	avoid	divers	(Cappo	
et	al.,	 2003;	 Langlois	 et	al.,	 2010;	Willis	 &	 Babcock,	 2000).	 In	 fact,	
Lowry	 et	al.	 (2012)	 demonstrated	 that	 species	 traits	 (i.e.,	 behavior	
and	life	history)	were	the	main	drivers	of	variability	in	the	frequency	
of	detection	of	species	between	UVC	and	BC.	We	must	be	cautious	




sides	 of	 the	marinas	 depending	 on	 the	 level	 at	which	 diversity	was	
measured,	that	is,	at	the	taxonomic,	phylogenetic,	or	functional	level.	
This	 is	 expected,	 as	 each	 index	measures	 a	distinct	 property	of	 the	
fish	assemblage;	this	has	been	described	at	a	range	of	spatial	scales.	
At	 global	 scales,	 Stuart-	Smith	et	al.	 (2013)	 found	markedly	different	
patterns	of	reef	fish	diversity	when	comparing	functional	(trait	based)	
relative	to	taxonomic	approaches.	At	local	scales,	Villéger	et	al.	(2010)	









H′ Δ* Rao H′ Δ* Rao H′ Δ* Rao
Cochran test
Ln (x + 1) 
p < .05
Ln (x + 1) 
p < .05
Ln (x + 1) 
p < .05
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GC- SP GC SP GC SP
UVC 5 3 3 11 11
BC 45 90 60 105 75
FT 150 3 3 32 33
Field	and	laboratory	costs	are	expressed	as	staff	time	(min).
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Residual 30 0.11 0.17 0.008 0.14 560 0.08 196 0.01
Pairwise	tests A PO A PO A PO A PO A PO
T p T p T p T p T p T p T p T p T p T p
M	versus	I 3.05 .005 5.29 <.001 1.04 .3 6.92 <.001 1.99 .06 6.61 <.001 1.01 .3 4.64 <.001 1.39 .17 2.69 .01
M	versus	O 2.11 .06 2.77 .009 0.01 .9 3.99 <.001 1.97 .6 1.22 .2 4.07 <.001 1.11 .27 1.66 .10 1.06 .29
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Smax ± SE Number of samples required (m) Effort (h) required
UVC BC FT
g = .90 g = .95 g = .90 g = .95
Gran Canaria 
Island UVC BC FT UVC BC FT UVC BC FT UVC BC FT
Inner 30	±	2.39 25	±	2.33 9	±	0.27 7 6 12 12 11 12 1.3 10.5 6.4 2.2 19.3 6.4
Outer 27	±	3.51 22	±	1.22 19	±	2.28 13 6 77 21 11 109 2.4 10.5 41.1 3.9 19.3 58.1
Southern	Portugal
Inner 7	±	0.13 13	±	0.76 6	±	0.53 6 6 11 6 8 18 1.1 7.5 6.1 1.1 10.0 9.9
Middle 13	±	1.21 7	±	0.23 5	±	0.45 11 6 16 18 6 24 2.0 7.5 8.8 3.3 7.5 13.2























capacity,	 swimming	 speed,	 and	behavior	of	 species	 (Harvey,	Cappo,	
Butler,	Hall,	&	Kendrick,	2007).	While	some	attempts	to	estimate	the	
dispersal	 range	 of	 the	 odor	 plume	 have	 been	made	 in	 deep	waters	
(Heagney,	Lynch,	Babcock,	&	Suthers,	2007;	Sainte-	Marie	&	Hargrave,	
1987),	 and	 more	 recently	 in	 estuarine	 systems	 (Taylor,	 Baker,	 &	
Suthers,	2013),	accounting	for	 these	distances	 in	shallow	water	ma-










Species	 accumulation	 curves	 and	 asymptotic	 richness	 estima-
tors	 provide	 a	 useful	 tool	 to	 assess	 the	 degree	 to	which	 different	
assemblages	are	adequately	sampled,	and	so	 to	provide	guidelines	
for	 	future	allocation	of	resources	to	optimize	monitoring	programs	
(Chao	 et	al.,	 2009;	Gotelli	 &	Colwell,	 2001).	Although	 the	 replica-
tion	level	by	the	three	sampling	techniques	was	similar,	species	ac-
cumulation	 curves	 differed,	 and	 rarely	 reached	 an	 asymptote.	The	
achieved	proportion	of	the	asymptotic	richness	was	overall	higher,	
and	close	to	the	asymptote,	at	the	“inner”	sides,	suggesting	that	the	
sampling	 effort	 here	 was	 sufficient	 (Appendix	 S5).	 At	 the	 “outer”	
sides,	the	proportion	was	 lower,	probably	because	of	the	presence	
of	species	from	surrounding	habitats	with	large	moving	capabilities.	
Our	 results	 initially	 suggested	 that,	 in	general,	more	UVC	 than	BC	
samples	would	be	 required	 to	 capture	 the	 same	proportion	of	 the	
asymptotic	 richness	 by	 each	 method,	while	 FT	would	 require	 the	
largest	 number	 of	 samples.	After	 standardizing	 by	 sampling	 effort	
(i.e.,	 taking	 into	 account	 the	mean	 time	 per	 sample),	UVC	needed	
consistently	 less	 effort,	 and	 therefore	 can	be	perceived	as	 a	more	




detect a change 
of
Effort (h) to detect a 
change of
25% 50% 25% 50%
Shannon–Wienner Gran	Canaria	Island UVC 44 12 8.1 2.2
BC 37 10 64.8 17.5
FT 70 19 37.3 10.1
Southern	Portugal UVC 83 22 15.2 4.0
BC 86 20 107.5 25.0
FT 24 7 13.2 3.9
Taxonomic	
distinctness
Gran	Canaria	Island UVC >120 >120 >210 >210
BC >120 >120 >210 >210
FT >120 >120 >210 >210
Southern	Portugal UVC >120 >120 >210 >210
BC >120 >120 >210 >210
FT >120 >120 >210 >210
Rao Gran	Canaria	Island UVC 4 2 0.7 0.4
BC 4 2 7.0 3.5
FT 8 4 4.3 2.1
Southern	Portugal UVC 8 5 1.5 0.9
BC 7 5 8.8 6.3
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laboratory	 analysis,	 and	 therefore	 are	 less	 cost-	efficient.	 However,	
this	 method	may	 overcome	 some	 of	 the	 problems	 associated	with	
UVCs,	 as	 it	 provides	 a	 permanent	 record,	which	 can	 be	 reanalyzed	










Our	 study	 highlights	 the	 need	 to	 implement	 complementary	
sampling	 techniques	 to	 monitor	 ecological	 change,	 at	 various	 di-
mensions	of	biodiversity.	The	results	presented	here	might	be	useful	
for	 	optimizing	 future	monitoring	programs.	UVCs	appear	 to	be	 the	
most	cost-	efficient	technique,	and	it	is	recommended	for	local	stud-




extends	 over	 large	 spatial	 scales,	 it	might	 be	 less	 cost-	effective	 to	
	assess	environmental	 impacts	 that	occur	over	smaller	 spatial	 scales	
(i.e.,	 local	 impacts),	 as	 the	 individual	 replicates	must	 be	 either	 sep-
arated	 by	 distances	 of	 >250	m	 or	 by	 time.	 Another	 advantage	 is	
that	 BCs	 can	 be	 deployed	 in	 a	 depth	 ranges	 that	 are	 inaccessible	
to	divers,	and	are	not	limited	by	dive	time	and/or	health	and	safety	
concerns.	Future	technological	 improvement	 in	BC	systems,	 for	ex-
ample,	 system	 	autonomy,	 storage	 capacity,	 and	 sensor	 resolution,	
joined	by	the		development	of	automated	image	analysis	(e.g.,	www.
Fish4Knowledge.eu,	Phoenix,	Boom,	&	Fisher,	2013)	will	be	key	for	
optimizing	 effort	 and	might	 increase	 the	 cost-	effectiveness	 of	 this	
technique,	especially	for	large-	scale	studies.
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